Clozapine is an effective antipsychotic drug but is associated with serious side effects. Most treatment guidelines give no clear recommendations on regular monitoring of liver function tests, even though up to 60% of patients experience elevations in hepatic transaminases, with 15% to 30% experiencing an elevation two to three times greater than normal. Though elevations in liver function tests are often transient and asymptomatic, there are many reported cases of clozapine-induced hepatotoxicity, with damage to the liver, involvement of multiple organs, and even fulminant liver failure arising with moderate clozapine doses. This case report describes a Chinese woman who developed hepatotoxicity on a low dose of clozapine, and reviews the relevant literature.
Introduction
Clozapine is an atypical antipsychotic introduced in the 1970s and used for the treatment of psychosis. Its use is reserved as a second-line treatment drug for refractory schizophrenia because of its safety profile -it is associated with fatal agranulocytosis that requires a strict white blood cell monitoring and several gastrointestinal adverse effects, such as constipation, ileus and hepatitis. 1 Clozapine-induced hepatic impairment has received limited attention in the literature, and no clear recommendations have been given to address this. Blood monitoring for liver function is not mandatory as is the case for agranulocytosis, though up to 60% of patients may experience an increase in liver enzyme levels, 2 with 15%-30% of patients experiencing an elevation two to three times the normal value. 3 This case report describes hepatotoxicity associated with low-dose clozapine in a Chinese woman and reviews the pertinent literature.
Case report
Ms Z was a 45-year-old widow with schizophrenia who had received various antipsychotic drugs, including risperidone, olanzapine, haloperidol, and paliperidone, since the age of 34. She had no history of systemic diseases or substance use. She also avoided caffeinated drinks, such as Chinese tea and coffee as they caused her palpitations and insomnia. Despite the use of many different antipsychotics, her psychotic symptoms remained resistant to treatment. On admission to hospital, she was put on a cross-titration, from olanzapine to clozapine. Baseline liver function tests (LFTs) and complete blood count results were within normal limits. Twelve days later, the patient complained of headache and malaise while on a daily dose of clozapine 125 mg and olanzapine 2.5 mg. She had fever (38.7°C), elevated aspartate (176 IU/L) and alanine aminotransferase levels (181 IU/L), white blood cell count (13.9×10 3 cells/μL), and C-reactive protein level (5.37 mg/dL). Her serum bilirubin level was normal. The findings of her abdominal ultrasound were compatible with drug-induced hepatitis, and her serologic test results for hepatitis A, B, and C were all negative. She was diagnosed with clozapine-induced hepatitis, and her LFTs returned to normal 2 weeks after the drug was discontinued. When her LFTs returned to normal, the patient agreed to a clozapine rechallenge since her hallucinations remained distressing. She was given clozapine at a starting dose of 25 mg in the evening and slowly titrated upwards under close monitoring for abnormal physical examination and liver function. This time, at a dose of clozapine 100 mg in the evening, the patient started to complain of fever and generalized weakness. Her body temperature was 38.2°C, and her LFT result showed elevated alanine aminotransferase (69 IU/L) and a normal aspartate aminotransferase (37 IU/L). After immediate discontinuation of clozapine, her LFT levels continued to escalate in the following week, even though she became asymptomatic, afebrile, and her physical examination was normal. LFT results at the time of her discharge remained slightly high but returned to baseline levels in the following month.
Discussion
Our diagnosis of clozapine-induced hepatitis is one of exclusion that was based on the onset of symptoms after clozapine initiation and remission with cessation of the drug, and confirmed by a subsequent clozapine rechallenge. A score of 9 or greater (9 in our case) in the Naranjo Adverse Drug Reaction Probability Scale 4 showed that there was a definite relationship between the adverse effect (hepatitis) and clozapine. The etiology results from either a metabolic idiosyncrasy or from an immunoallergic reaction. 3 We postulate that our patient had an idiosyncratic hepatotoxic drug reaction, given her lack of eosinophilia. Our patient shared some features with reported cases in the literature: elevations of both transaminases, and normalization of laboratory results at about 1 month after cessation of clozapine. However, she is unique in that she developed symptoms of hepatitis shortly after starting treatment and at lower doses than most other reported cases.
Most drug-induced liver toxicities result from injury to hepatocytes and present a clinical picture that resembles viral hepatitis, where, like in our case, patients develop malaise, elevated LFTs, and sometimes, jaundice. 5 In the case of clozapine, hepatic impairments range from the most common presentation of asymptomatic aminotransferase elevations to cytolytic or cholestatic hepatitis, toxic hepatitis (like in our case), and even fulminant hepatitis, depending on the type of liver injury that predominates. 6, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Though elevations of liver enzymes with clozapine are usually transient and resolve spontaneously in about half of patients, without having to reduce their clozapine dose, 17 this was not the case for our patient. Her clinical symptoms and abnormal LFTs persisted until clozapine was completely discontinued. The elevations have been reported to be dose-dependent and to develop, usually, at medium-range doses of clozapine (200-400 mg), 18 but our patient developed hepatitis at a much lower dose. One possible explanation for our patient's sensitivity to clozapine toxicity is that Asians have a reduced cytochrome P450 1A2 (CYP1A2) activity; the enzyme mainly responsible for the metabolism of clozapine. 19 This could also explain why she developed hepatitis shortly after initiation of treatment instead of a more delayed onset, as documented in the literature (5 weeks to a few months into treatment). 17 It is worthwhile noting that she was also particularly sensitive to the side effects of caffeine, a substrate used for the measurement of CYP1A2 activity 20 -a reduced CYP1A2 activity can also explain her intolerance to caffeine. Other than clozapine dose, plasma concentrations have been reported useful in predicting liver damage, 17 but this examination was not available at our facility.
The exact incidence of clinically significant clozapineinduced hepatic impairment is unknown, but evidence of its hepatotoxicity is supported by a PubMed search showing cases with clozapine-induced hepatitis; multiorgan involvement including pleuritis; serositis; and even fulminant hepatic failure leading to death. 6, [9] [10] Clinical symptoms, such as malaise, fever, rash, and jaundice should prompt measurements of LFTs, and discontinuation of clozapine is warranted when the elevations of LFTs are beyond three times the normal upper limit value. 21 It is also important to take into consideration that schizophrenia patients may have higher baseline LFTs because of a higher prevalence of hepatitis C. 22 The hepatotoxic effects of clozapine have received much less attention in the literature than its cardiometabolic and hematologic counterparts. Most prescribing guidelines give no clear recommendations for the monitoring of liver enzymes, with the exception of the Maudsley guidelines, which suggest yearly LFTs after initial baseline values are determined. 23 Some have suggested regular monitoring of LFTs, 5, 24 but this may result in increased number of patients being taken off clozapine unnecessarily. We therefore think that careful observation of the patient's clinical symptoms is more important than regular monthly or biannual measurement of LFTs. As seen in our patient and in the other cases reported in the literature, patients with normal baseline LFTs
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Hepatotoxicity induced by clozapine may either experience unpredictable delayed hepatitis or become symptomatic shortly after starting the drug (within 1-2 weeks in our case). Based on the information in the published papers and this reported case, we suggest that 1) LFTs should be obtained before initiating clozapine therapy and obtained on an "as needed" basis, depending on patients' clinical symptoms (jaundice, fever, rash, and malaise); and 2) patients with reduced metabolism of clozapine, such as Asians and geriatric patients, may benefit from lower doses and slower upwards titration of clozapine, to avoid the hepatotoxic effects of clozapine. Further investigation is warranted to establish newer guidelines for the prevention of clozapine toxicities to the liver.
